6. ANCHORAGE DATA AND EVALUATION PROCEDURE
6.1 INTRODUCTION!

The purpose of this chapter is to:

. Provide a general description of the anchorage evaluation procedure,

. Provide generic information on the various equipment classes for use in anchorage
evaluations,

. Provide nominal allowable capacities for certain types of anchors, and

. Describe anchor-specific inspection checks and capacity reduction factors.

The four main steps for evaluating the seismic adequacy of equipment anchorage include:

I. Anchorage Instaiiation Inspection (Section 6.2)

2. Anchorage Capacity Determination (Section 6.3)

3. Seismic Demand Determination (Section 6.4)

A Lt Lt s TN 2 7% P P-4

4. Comparison of Capacity to Demand (Section 6.5)
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This chapter is organized with an evaluation of the installation adequacy and attributes of the
anchorage given first. Next, the anchorage capacity is determined in Sections 6.3.1 to 6.3.9 and
the steps in the capacity determination are grouped by the following anchor types:

Tyvnancinn Annhnnee
CXpaiisSion AnCnors

Cast-In-Place Bolts and Headed Studs

Cact Tn_Dlacra T_RAltc
L ADLTLLIITL 1ALU JTDULLW

Grouted-In-Place Bolts
The following two other anchor types are evaluated using separate procedures in Section 6.3.10:

Welds to Embedded Steel or Exposed Steel

Section 6.3 contains the main steps in the procedure for evaluating the seismic capacity of
equipment anchorage. The sections contain a table of nominal allowable load capacities along with
anchor-specific inspections which should be performed. In some cases a capacity reduction factor
is given which may be used to lower the nominal allowable load capacities if the inspection check
reveals that the installati i i
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Section 6.4 contains generic equipment characteristics for anchorage demand evaluations for use
when equipment-specific data is not available for equipment mass, natural frequency, or damping.
In addition, an approximate technique for scaling in-structure response spectra by their damping
ratios is provided.

1" Based on Sections C-Introduction and 4.4 of SQUG GIP (Ref. 1)
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ihspection pe ormed and the factor of ‘savfety used for expansi
trade-offs and others are discussed in this chapter.

This chapter describes the main steps for evaluating the seismic adequacy of anchorage. In some
cases, specific inspection checks and evaluations apply to only certain types of anchors. Section
13.2 describes Screening and Evaluation Work Sheets (SEWS) which can be used as checklists to
evaluate that all the appropriate steps in the anchorage evaluation procedure have been completed.

It is not necessary to perform an anchorage evaluation for in-line valves which are discussed in
Sections 8.2.1 and 8.2.2. Likewise temperature sensors, which are discussed in Section 8.1.10,
are relatively light, normally attached to another piece of equipment, and do not need an anchorage
evaluation.

6.2 ANCHORAGE INSTALLATION INSPECTION

6.2.1 Installation Adequacy and Attributes?

To evaluate the seismic adequacy of anchorage, the anchorage installation and its connection to the
base of the equipment should be checked. This inspection consists of visual checks and
measurements along with a review of facility documentation and drawings where necessary. All
accessible anchorage should be visually inspected. All practicable means should be tried to inspect
inaccessible anchorage or those obstructed from view if they are needed for strength to secure the
item of equipment or if they secure equipment housing essential relays (to avoid impact or
excessive cabinet motion). For example, it is not considered practicable to resort to equipment
disassembly or removal to inspect inaccessible anchorage. The basis for the engineering judgment
for not performing these inspections shouid be documented.

2 Based on Section 4.4.1 of SQUG
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* Type of Anchorage (see Sections 6.3.1 and 6.3.2)

* Equipment Base Strength and Structural Load Path (see Section 6.2.5)

* Embedment Steel and Pads (see Section 6.2.6)

* Embedment Length (see Section 6.3.3)

* Gap at Threaded Anchors (see Section 6.2.3)

* Spacing Between Anchors (see Section 6.3.4)

* Edge Distance (see Section 6.3.5)

* Concrete Strength and Condition (see Section 6.3.6)

* Concrete Crack Locations and Sizes (see Section 6.3.7)
» Essential Relays in Cabinets (see Section 6.3.8)

* Installation Adequacy (see Section 6.3.9.1)

Not ail of these attributes are applicable to all types of anchors. General guidelines for performing
the checks are provided in the sections provided in the list. Engineering judgment should be
exercised when making these checks. For example, it is not necessary to measure the spacing
between anchor bolts if it is obvious they are much farther apart than the minimum spacing
guidelines.
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Reference 78.

L =

relays. Gaps beneath the base of this equipment are not allowed since they have the potential for
opening and closing during earthquake load reversals. This may create high frequency impact
loadings on the equipment and any essential relays mounted therein could chatter.

There should be no gap at the bolt or stud anchor locations for equipment containing essential

The gap size can be checked by performing a visual inspection; a detailed measurement of the gap
size is not necessary. The check for the presence of essential relays in equipment can be done in
conjunction with the Relay Functionality Review described in Chapter 11.

6.2.4 Base Stiffness and Prying Action’

The base and anchorage load path of the equipment should be inspected to confirm that there is
adequate stiffness and there is no significant prying action applied to the anchors. One special case
of base flexibility is base vibration isolation systems. Guidelines for evaluating base vibration
isolators are included at the end of this section.

There are two main concerns with the lack of adequate stiffness in the anchorage and load path.
First, the natural frequency of the item of equipment could be lowered into the frequency range
where dynamic earthquake loadings are higher. Second, the cabinet could lift up off the floor
during an earthquake resulting in high frequency impact loadings on the equipment, and any
essential relays mounted therein could chatter.

Prying action can result from eccentric loads within the equipment itseif and between the equipment
and the anchors. The concern is that these prying actions can result in a lack of adequate stiffness
and strength and in additional moment loadings within the equipment or on the anchors.

o

Based on Section 4.4.1 - Check 3 of SQ}J_(_} (_}H’ (Ref. 1)

Based on Section 4.4.1 - Check 6 of SQUG GIP (Ref. 1)
Based on Section 4.4.1 - Check 12 of SQUG GIiP (Ref. i)
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Thin framing members and clip angles may lack the strength and stiffness required to transfer loads
to anchor bolts. Stiff load paths with little eccentricity are preferable for anchorage. Equipment
constructed of sheet metal, such as motor control centers, switchgear, and instrumentation and
control cabinets, is susceptible to these effects and should be carefully inspected for lack of
stiffness and prying action. Figure 6.2-2 shows examples of stiff and excessively flexible
anchorage connections with prying action. In Example "A" of this figure, the thin sheet metal may
easily bend during uplift of the cabinet. )

This unacceptable condition may be corrected by welding the outside edge of the cabinet base to the
embedded steel as shown in Example "C". Care should be taken during welding to avoid burning
through the thin sheet metal frame of the cabinet. Example "B" shows a thin sheet metal base
which can also easily bend during uplift. This unacceptable condition may be corrected by adding
a thick metal plate under the nut of the anchor bolt so that the effective thickness and size of the
base is similar to the bottom leg of the structural angle shown in Example "D". Note that the
prying effect of the eccentric load on the anchor bolt in Example "D" should be considered.
Likewise, if the weld in Example "C" is actually nearer the edge of the embedded plate rather than
at the center as shown, then prying and/or bending will be present in the embedded plate. Thin
cabinet bases should be reinforced with angle traming so that seismic loads may be transferred to
anchor points. In addition, oversized washers are required when anchors are bolted directly
through thin sheet metal bases.

Heavy components that are mounted on upright channel sections may rely on weak-way bending
of the channel to transfer shear loads to the anchorage. Unstiffened, light-gage channeis may not
have sufficient strength to handle this load transfer.

action require considerable engineering
the anchorage instaliation. SCEs should aiso
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For a base vibration isolator system to be acceptable for seismic loads, the isolator system should
have a complete set of bumpers to prevent excessive lateral movement in all directions. The
bumpers should not only prevent any excessive lateral movement and torsion, but a positive
method of resisting uplift should also be provided other than the springs themselves, or the rubber
or adhesives in tension. If the bumpers do not have elastomeric pads to prevent hard impact, the

S 1

effect of that impact on the equipment should be evaluated. (Notlé; Essential relays should not be
mounted in such equipment.) Isolators which were specifically designed for seismic applications
(not cast iron, unbraced springs, weak elastomers, etc.) may be accepted, provided suitable check
calculations determine that all possible load combinations and eccentricities within the isolator
itself, including possible impact loads, can be taken by the isolator system.
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6.2.5  Equipment Base Strength and Structural L.oad Path®

The equipment base and structural load path should be checked to confirm that it has adequate
strength, stiffness, and ductility to transmit the seismic loads from the center of gravity of the
equipment to the anchorage. Several connections and support members may need to be checked in
the evaluation to confirm that the weak link in the load path is addressed, e.g., the channel or stud
embedment, the weld between the embedded steel and the cabinet base, and the connection bolts
between the base of the equipment and its frame members. Friction connections, such as
holddown clips, often pry off or completely slip out-of-place during seismic loading and become
completely ineffective. Adequate anchorage requires positive connection. '

This check should include such items as whether a washer is present under the nut or the head of
the bolt, and if not present, whether one is necessary. A washer is not necessary if the base of the
equipment is at least as thick as a standard washer with a hole no larger than the hole in a standard
washer. Another item to check is whether the internal bolting and welds near the base of the
equipment can carry the anchorage loads.

One example of inadequate strength in the equipment base was demonstrated during a shake table
test of a motor control center in which aii four corners of the assembly broke loose. The weld
between the base channel and the shake table remained intact; however, the small 5/16-inch bolited
connections between the base channel and the frame of the assembiy broke. The check for
dequate strength in the equipment base can be done by a visual inspection of the anchorage

P, s ceosal

installation. This check should be done in conjunction with Section 6.2.4.
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generally acceptéd engineering principles. Engineering ju
conservative estimate of the concrete failure surface for outlier resolut these other types
embedments. Manufacturer's test information or facility specific test information may be use
the outlier resolution of other types of embedments as appropriate. Factors of safety consistent
with this procedure should be followed. Guidance on resolving anchorage outliers is provided in
Reference 78.

1
9
;
[
i

=
(9]
[72]

ety
=
=
[}

{

6 Based on Section 4.4.1 - Check 13 of SQUG GIP (Ref. 1)
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(Reference 19) (Figure 4-6 of SQUG GIP, Reference 1)
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RS; Reduction factor for closely Spaced anchors
expansion anchors Section 6.3.4.1
cast-in-place bolts and headed studs Section 6.3.4.2
cast-in-place J-bolts Section 6.3.4.3
grouted-in-place bolts Section 6.3.4.4
RE, Reduction factor for near Edge anchors
expansion anchors Section 6.3.5.1
cast-in-place bolts and headed studs Section 6.3.5.2
cast-in-place J-bolts Section 6.3.5.3
grouted-in-place bolts Section 6.3.5.4
RF, Reduction factor for low strength concrete
expansion anchors Section 6.3.6.1
cast-in-place bolts and headed studs Section 6.3.6.2
cast-in-place J-bolts Section 6.3.6.3
grouted-in-place bolts Section 6.3.6.4
RRg Reduction factor for expansion anchors securing equipment with
essential Relays
expansion anchors Section 6.3.8
RI Reduction factor for reduced Inspection procedure

expansion anchors

Section 6.3.9.2

Note that the pullout and shear capacities for anchors given above are based on havmg adequate
stiffness in the base of the equ1pment and on not applymg significant prymg action to the anchor.
If Section 6.2 shows that stiffness is not adequate or that significant prying action is applied to the
anchors, then the SCEs should Iower the allowable capacity loads accordingly.
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It is important to identify which of these types of anchorage is used in an installation since these
anchorage have different capacities and different installation parameters which should be checked
during the inspection. The following four types of anchorage are covered in Sections 6.3.1 to
A 20O
o7
1 Expansion Anchors - Shell and Nonshell Types
2. Cast-In-Place Bolts and Headed Studs
3 Cast-In-Place J-Bolts
4 Grouted-In-Place Bolts
Welds to embedded steel or exposed steel and lead cinch anchors are covered individually in
Section 6.3.10. If any other type of anchorage is used to secure an item of equipment besides the
four covered in this section and the other two covered in subsequent sections, the anchorage for
that piece of eq 1p ent shot ld be classified as an outlier and evaluated further in Chapter 12 or

In most cases, it will be necessary to use facility drawings, specifications, general notes, purc
records, manufacturer’s data, or other such documents to 1dent1fv the type of anchorz ige used for
an item of equipment. Welds to embedded steel can be dlstmzulshed from bolted anchorag age
without using drawmgs however, concrete drawings will still be needed to check the embedment
details of the steel. It is not necessary to have spe01ﬁc documented evidence for each item of
equipment installed in the facility; i.e., it is perrmss1ble to rely upon generic installation drawings
or spe01ﬁcat10ns SO long as the SCEs have hlgh confidence as to anchorage type and method of
installation and remain alert for subtle differences in anchorage installations dunng the in-facility
inspections. The SCEs should visually inspect the anchorage to check that the actual installation
appears to be the same as that specified on the drawing or installation specification. If documents
are not available to identify the type of bolted anchorage used for an installation, more detailed
inspections should be done to develop a basis for the type of anchorage used and its adequacy.

For expansion anchors, it is important to identify the specific make and model of expansion anchor
since there is considerable variance in seismic performance characteristics for different expansion
anchor types. The makes and models of expansion anchors covered by this procedure are listed in
Section 6.3.2 along with appropriate capacity reduction factors. Properly designed, deeply
embedded cast-in-place headed studs and J-bolts have desirable performance since the failure mode
is ductile, or steel governs. Well-designed and detailed welded connections to embedded plates or
structural steel can provide a high-capacity anchorage. Special consideration should be given to
grouted—m-place anchors since capacny is mghly dependent on the installation practice used. If the
grout shrinks any measurable amount, the anchor may have no tensile capacity.

P

9 Based on Section 4.4.1 - Check 2 of SQUG



6.3.1.1 Expansion Anchors!?

The nominal allowable load capacities which can be used for the types of expansion anchors
covered by this procedure (i.e., those listed in Section 6.3.2) are given in Table 6.3-1 below.

Table 6.3-1 Nominal Allowable Capacities for Expansion Anchors
(f, > 4000 psi for Pullout and f, > 3500 psi for Shear)!
(Table C.2-1 of SQUG GIP, Ref. 1)
Bolt/Stud {ljullﬁut FShﬂar Minimum Min. Edge
Diameter Capacity Capacity 2
D.in) | Prom Kip) | (Vooms kip) | SPPcinE) | Disanee’
min?
3/8 1.46 1.42 3.75 3.75
172 2.29 2.38 5.00 5.00
5/8 3.17 3.79 6.25 6.25
3/4 4.69 5.48 7.50 7.50
7/8 6.09 7.70 8.75 8.75
| 6.95 9.53 10.00 10.00

1 The pullout and shear capacities shown here are for the expansion anchor
types included in Section 6.3.2 installed in sound, uncracked concrete (i.e.,
no cracks passing through the anchor bolt installation) with a compressive

a4 . o~

strength (f¢) of at least 4000 psi for pullout and 3500 psi for shear.

2 Minimum spacings and edge distances are measured from bolt center to bolt
center or concrete edge. Smaller spacings and edge distances less than the
minimums given here can be used with the reduction factors given in
Sections 6.3.4.1 and 6.3.5.1.

10 Based on Section C.2.1 of SQUG GIP (Ref. 1)
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and Headed Studs (f, 23500psi)! (Table C.3-1 of SQUG GIP, Ref. 1)
Bolt/Stud Pullout Shear Minimum Minimum Min. Edge
Diameter Capacity Capacity Embedment? Spacing® Distance’
(D, in.) (Prom- kip) (Vom- Kip) (L. in) (S_. . in) (E_. in)
\A~mins ~ties \~Vmins iii.) Umins 111.)
3/8 ) 3.74 - 1.87 3-3/4 4-3/4 3-3/8
1/2 6.66 3.33 5 6-1/4 4-3/8
5/8 10.44 5.22 6-1/4 7-7/8 5-172
3/4 15.03 7.51 7-1/2 9-1/2 6-5/8
7/8 20.44 10.22 8-3/4 11 7-3/4
| 26.69 13.35 10 12-5/8 8-3/4
1-1/8 33.80 16.90 11-1/4 14-1/4 9-7/8
1-1/4 41.72 20.86 12-1/2 15-3/4 11
1-3/8 50.40 25.25 13-3/4 17-3/8 12-1/8
1 The pullout and shear capacities shown here are for ASTM A-307 (Ref. 79) or
equivalent strength bolts installed in sound, uncracked concrete (i.e., no cracks
passing through the anchor bolt installation) with a compressive strength of 3500 psi
or greater. For bolt capacities in lower strength concrete see Section 6.3.6.2. For
bolt capacities in cracked concrete see Section 6.3.7.2
2 See Figure 6.3-1 for definition of embedment length (). Smaller embedments than
the minimum given here can be used with the reduction factor given in Section
6.3.3.2
3 Minimum spacings and edge distances are measured from bolt center to bolt center or
concrete edge. Spacings and edge distances less than the minimums given here can
be used with the reduction factors given in Sections 6.3.4.2 and 6.3.5.2.
11 Based on Section C.3.1 of SQUG GIP (Ref. 1)




6.3.1.3 Cast-in-Place J-Bolts!?

The nominal allowable load capacities which can be used for cast-in-place J-bolts are listed in Table

6.3-3 below. The term J-bolt refers to a plain steel bar with a hook formed at the embedded end

and threaded at the other end. An embedded bar can be considered as a J-bolt only if it has a hook
on the embedded end meeting the minimum dimensions shown in Figure 6.3-2.

N W NP NFax

Table 6.3-3 Nominal Allowable Capacities for Cast-In-Place
J-Rolts (f. >3500psi)! (Table C.4-1 of SQUG GIP, Ref.

\Eg &9V AL

Minimum
N o ~ Embedment?2 o Minimum
_ Bar Pullout _Shear (Linin, in.) Minimum Edge
Diameter | Capacity | Capacity 180°  9Q° Spacing3 Distance3
(D, 1n.) (Pnom, K1p) | (Vnom. K1p) Hook Hook (Smln, n.) (Emin, in.)
3/8 3.74 1.87 16 20-1/2 1-1/8 3-3/8
172 6.66 3.33 21-1/4 27-1/4 1-172 4-3/8
5/8 10.44 5.22 26-5/8 34-1/8 1-7/8 5-1/2
3/4 15.03 7.51 31-7/8 40-7/8 2-1/4 6-5/8
7/8 20.44 10.22 37-1/4 47-3/4 2-5/8 7-3/4
1 26.69 13.35 42-1/2 54-172 3 8-3/4
1-1/8 33.80 16.90 47-7/8 61-3/8 3-3/8 9-7/8
1-1/4 41.72 20.86 53-1/8 68-1/8 3-3/4 11
1-3/8 50.40 25.25 58-1/2 75 4-1/8 12-1/8

1 The pullout and shear capacities shown here are from J-Bolts installed in sound,

uncracked concrete with a compressive strength (fc) of at least 3500 psi.

Spacing and edge distance are measured from the center of the bolt(s).

12 Based on Section C.4.1 of SQUG GIP (Ref. 1)
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1 The pullout and shear capacities shown here are for ASTM A-307 (Ref. 79) or equivalent
strength bolts installed in sound, uncracked concrete (i.e., no cracks passing throth the
anchor bolt installation) with a compressive strength of 3500 psi or greater For bolt
capacities in lower strength concrete see Section 6.3.6.3. For bolt capacities in cracked
concrete see Section 6.3.7.3.

2 The pullout capacities (Pnom) are based on not having used special installation practices (or
not knowing whether such practices were used). However, if installation procedures
similar to those in Reference 80 were used, then the pullout capacities for cast-in-place

bolts (Table 6.3-2) can be used in place of the values in this table.

3 See Figure 6.3-1 for definition of embedment length (L). Smaller embedments than the
minimum given here can be used with the reduction factor given in Section 6.3.3.4.

4 Minimum spacings and edge distances are measured from bolt center to bolt center or

concrete edge bpacmgs and edge distances less than the minimums given here can be used
with the reduction factors given in Sections 6.3.4.4 and 6.3.5.4.
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Note that expansion anchors should generally not be used for securing vibratory equipment, such
as pumps and air compressors. Expansion anchors used for vibrating equi

expansion anchors should be loaded primarily in shear with very little pullout load. If a component
which is secured with expansion anchors, has been in service for a long time and its expansion
anchors remain tightly set, then this is a reasonable basis for ensuring installation adequacy. It is
generally recommended that if expansion anchors need to be used for vibrating equipment, then the
undercut-type of expansion anchors should be installed.

The specific manufacturers and product names of expansion anchors covered by this procedure are
listed in Table 6.3-5 below. This table also lists capacity reduction factors (RT;, for pullout and

RT for shear) which should be multiplied by the nominal pullout and shear capacities (P,
V___ ) given in Table 6.3-1.

JD 010 11 EA — e
RT, = RIy = Pullout (p) and shear (s) capacity reduction
Fantara Ffar trrima A Awrenman e ol O
iactors ior type of expansion anchor irom
Talla £ 2_&8
1avlc v.0-J

14 Based on Sections 4.1.1 - Check 2 and C.2.2 of SQUG GIP (Ref. 1) and information from Revision 3 of SQUG

£ 1M
GIP (Ref. 12)

avnls 100 £ 10
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Table 6.3-5 Type of Expansion Anchors Covered by this Procedure and
Associated Capacity Reduction Factors (Table C.2-2 of SQUG GIP, Ref. 1)

o B ‘Capacity Capacity
Manufacturer Product Name Type Reduction Reduction
Factors Factors

(RTp,) (RTy)

Drillco MaxiBolt Nonshell 1.0' 1.0'
Hilti Kwik-Bolt Nonshell 1.0 1.0°
HDI Shell 1.0 1.0°

Sleeve (3/8 inch) Nonsheii 0.5° 1.0°

Sleeve (1/2 to 5/8 inch) | Nonshell 0.75° 1.0

ITW/Ramset Dynaset Shell 1.0 1.0
Dynabolt Nonshell 0.75 0.75°

Trubolt Nonshell 0.75 0.75?

ITW/Ramset/ Multiset Drop-In Shell 1.0 1.0°
Redhead Self Drilling Shell 1.0 1.0°
Dynabolt Sleeve Nonshell 1.0 1.0°

Nondrill Shell 1.0 1.0

Stud Shell 0.75 0.75%

TRUBOLT Nonshell 0.75 0.75°

Molly Parasleeve Nonshell 1.0 1.0°
MDI Shell 1.0 1.0°

Parabolt Nonshell 0.75 0.75°

Phillips Self-Drilling Shell 1.0 1 .Of
Wedge Nonshell 1.0 1.0°

Sleeve Nonsheii 1.0 1.0°

Multi-Set Shell 1.0 1.0°

Stud Shell 1.0 1.0°

Non-Drilling Shell 1.0 1.0°

Rawl Drop-In Shell 1.0 1.0°
Stud Shell 0.75 0.757

Saber-Tooth Shell 0.75 0.75°

Bolt Nonshell 0.75 0.75°

Star Selfdrill Shell 0.75 0.75?
Steel Shell 0.75? 1.0°

Stud Shell 0.75° 0.75%

USE Diamond Sup-R-Drop Shell 1.0 1.0°
Sup-R-Stud Shell 1.0 1.0°

Sup-R-Sleeve Nonshell 1.0 1.0°

Sup-R-Dri Shell 0.75 0.75°

WEJ-IT Drop-In Shell 1.0 1 .Of
Sieeve Nonsheii 1.0 i.0

Wedge Nonshell 0.5° 0.75°

Stud Shell 0.75° 1.0°

Unknown Unknown (3/8 inch)> | Unknown 0.5% 0.75°
Unknown (> 3/8 inch)®* | Unknown 0.75° 0.75°

1 From Table C-2 of WSRC SEP-6 (Ref, 3)
2 From Table 6.3-5 of Revision 3 of SQUG GIP (Ref. 4), which is being reviewed by the NRC

March 1997
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If the specific manufacturer and product name of an expansion anchor is not known, then a generic
capacity reduction factors as indicated below may be used:

RTp = 0.5 and RTg = 0.75 (for bolt diameter = 3/8 inch)

RTp =0.75 and RT = 0.75 (for bolt diameter 2 3/8 inch)
Note, however, that this generic capacity reduction factor may only be used for expansion anchors
made from carbon steel or better material. Concrete fasteners made from other materials or which
use fastening mechanisms which are different than that of expansion anchors should be identified
as outliers. This would include fasteners such as chemical anchors, plastic anchors, powder
actuated fasteners, and concrete screws. “Unknown” anchors should be examined to ensure that
they are not the WEJ-IT wedge anchor bolts, which can be distinguished from all other bolts by the
two vertical slots cut along opposite sides of the bolt, parallel to the longitudinal axis of the bolt
Guidance on resolving anchorage outliers is provided in Reference 78
In general, expansion anchors should not be used for securing vibratory equipment such as pumps
and air compressors. If such equipment is secured with expansion anchors, then there should be a
large margin between the pullout loads and the pullout capacities; i.e., the loads on these expansion

anchors should be primarily shear.
The principal differences between shell- and nonshell-type expansion anchors are explained below.

Shell-type expansion anchors are expanded into the concrete by application of a setting force
independent of the load later applied to the bolt or nut by the equipment being anchored. The key
feature of this type of expansion anchor is that it relies upon its initial preset for holding it in place.
Figure 6.3-3 shows the features of several types of shell-type expansion anchors.

Figure 6.3-3a shows a "Self-Drilling Type" of shell-type expansion anchor. This type of anchor is
set in place by driving the shell down over the cone expander which is resting against the bottom of
the hole.

Figure 6.3-3b shows a "Drop-In Type" which is set in place by driving a cone expander down
through the center of the shell thereby causing the lower portion of the shell to expand into the
concrete.

Figure 6.3-3c shows a "Phillips Stud Type" which is set in place by driving the stud down over
the cone expander which is resting against the bottom of the hole.

Nonshell-type expansion anchors are expanded into the concrete by pulling the stud up out of the
hole which causes a sleeve or a split ring to be forced into the concrete. The key feature of this
type of expansion anchor is that the more the stud is loaded in tension, the greater the expansion
setting force becomes. Figure 6.3-4 shows the features of two types of nonsheli-type expansion
anchors.

1 I {]

Figure 6.3-4a shows a "Sleeve Type" which is set in place by puiling the stud, with its integral

a . al_

cone expander on the bottom, up into the sleeve thereby forcing the iower split portion of the
sleeve into the concrete. The sleeve is held in place during this setting process by butting up
against the lower surface of the washer.

Figure 6.3-4b shows a "Wedge Type" which is set in place by puilling the stud, with its integral
cone expander on the bottom, up though a split ring. Note that the split ring relies on friction
against the concrete to stay in place during the setting operation

March 1997 6-21



Distinguishing characteristics of shell- and nonshell-type expansion anchors in their as-installed
condition are shown in Figure 6.3-5.

Figure 6.3-5a shows a nonshell-type expansion anchor in which the visible portion is characterized
by a smoothly cut or mechanically finished threaded stud with a nut holding the base of the
equipment in place.

Figure 6.3-5b shows the most common type of shell-type expansion anchor in which the visible
portion is characterized by a head of a bolt.

Figures 6.3-5c and 6.3-5d show other types of shell-type expansion anchors in which the visible
portion is characterized by a rough cut or a raised knob on the end of the threaded rod. Careful
1nspect10n is necessary to dlstlngulsh these two types of shell expansion anchors from the
nonsheli-type shown in Figure 6.3-5a.
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The embedment length of expansion anchors can be checked by confirming that the anchor is one
of the makes and models covered by this procedure and performing a visual inspection of the
a .

It is not necessary to perform an embedment length check of an expansion anchor if the anchorage
for that piece of equipment is robust, i.e., there is a large margin between the applied load and the
anchorage capacity. Guidelines for evaluating whether there is sufficient margin in the anchorage
are provided in Section 6.3.9.2, Reduced Inspection Alternative. The embedment length for
anchor types other than expansion anchors can be determined from concrete installation drawings,
ultrasonic testing, or other appropriate means. -

6.3.3.1 Expansion Anchors!®

If the embedment is greater than the values given in Table 6.3-6, then a pullout capacity reduction
factor (RL,,) and a shear capacity reduction factor (RL,) should be multiplied by the nominal

) Py P PR S

RL, = RLy = Pullout (p) and shear (s) capacity reduction factors for
expansion anchors

= 1.0 for embedments greater than those listed in Table 6.3-6

QOutlier for embedments Iess than those listed in Table 6.3-6

(Note: This inspection check is not needed if the Reduced Inspection Aliernative is chosen, as
described in Section 6.3.5.2)

15" Based on Section 4.4.1 - Check 5 of SQUG GIP (Ref. 1)
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The manufacturer's recommended minimum embedments listed in Table 6.3-6 are from the
catalogs of each of the vendors as listed in Reference 41, page E-27. These are the most recent
catalogs available when Reference 41 was published. Expansion anchors with less than the
minimum embedment should be documented as outliers. Guidance for resolving anchorage

outliers is provided in Reference 78.

Table 6.3-6 Manufacturer’s Recommended Minimum Embedment
for Expansion Anchors Covered by this Procedure
(Table C.2-6 of SQUG GIP, Ref. 1)

Minimum Embedment (L) [in.]
Product Name for Bolt/Stud Diameter:

Manufacturer | (S=Shell, N=Nonshell) 38 1722 5/8 314 78 17
Hilti Kwik-Bolt (N) 1.63 225 275 325 -- 4.50
HDI (S) 1.56' 2.00 2.56' 3.19 - -
Sleeve (N) ‘ 1.50 2.00 2.00 -- -- -
ITW/Ramset Dynaset (S) 1.63 200 2.63 325 - --
Dynabolt (N) 200 225 225 - - -
Trubolt (N) 1.50 2.25 275 338 4.00 4.50
ITW/Ramset/ Multiset Drop-In (S) 1.63 200 250 3.19 -- -
Redhead Self Drilling (S) 1.53 203 247 325 -- -
Dynabolt Sieeve 1.88 2.00 225 - - -
Nondriil (S) .56 2.06 256 3.19 - --
Stud (S) 1.63 1.88 238 288 -- --
TRUBOLT (N) 1.50 225 275 3.25 375 4.50
Moily Parasleeve (N) 1.50' 2.00' 2,00 --! -- -
MDI (S) 1.56' 2.00 2.50' --! - --
Parabolt (N) 1.50 2.25 275" 3.25 4.00 4.50
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Table 6.3-6 (Continued)

Minimum Embedment (L) [in.]

Product Name for Bold/Stud Diameter:

Manufacturer | (S=Shell, N=Nonshell) 38 122 5/8° 3/47 78 17

Phillips Self-Drilling (S) 1.53 203 247 325 369 -
Wedge (N) 1.7 2,13 2.63 3.25 375 4.50

Sleeve (N) 1.88 200 225 -- -- --

Multi-Set (S) .38 175 225 250 - --

Stud (S) 1.63 1.88 238 288 -- --

Non-Drilling (S) 1.56 2.06 256 3.19 -- --

Rawl Drop-In (S) 1.88 238 3.00 3.50 -- -
Stud (S) 1.75 225 288 3.38 4.00 4.50

Saber Tooth (S) 1.53 2.03 247 325 3.69 --

Bolt (N) 200 250 275 3.00 -- --

Star Selfdrill (S) 1.53 2.03 247 325 369 --

Steel (S) 144 194 238 3.00 -- --

Stud (S) i.63 175 238 288 -- --

USE Diamond Sup-R-Drop (S) 1.56 200 253 319 - -
Sup-R-Stud (S) 216 281 331 425 472 5.56

Sup-R-Sleeve (N) 1.50' 2.00' 2.50' 3.00' -- -

Sup-R-Drill (S) 1.53 2.03 247 327 -- --

WEJ-IT Drop-In (S) 1.63 200 250 325 - --

Sleeve (N) 1.50 1.8 200 225 -- --
Wedge (N) 1.50 200 300 300 450 550
Stud (S) 1,75 2.13  3.63' 325 -- 4.50
'From Table 6.3-6 of Revision 3 of SQUG GIP (Ref. 4), which is bein g reviewed by the NRC
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These minimum embedments can be evaluated by performing the following inspection checks for
shell- and nonshell-type expansion anchors. Note that these checks should be performed after the
tightness check (Section 6.3.9) has been performed.

Shell-Type Expansion Anchors. The embedment length of shell-type expansion anchors is
predetermined by the length of the shell and how it is installed in the concrete. The appropriate
shell length is assured if the expansion anchor is one of the types listed in Table 6.3-6. An
appropriate installation is assured if the shell of these anchors does not protrude above the surface
of the concrete.

When making this embedment check, a check should also be made to confirm that the top of the
shell is not touching the bottom of the base plate of the item of equipment being anchored. This
check should be performed after the tightness check (Section 6.3.9) has been done. This will
assure that the expansion anchor is tight in the hole and not just tight up against the base of the
equipment.

If it is necessary to remove the boit or nut from the anchorage to make the above two checks, then
it is only necessary to spot check the embedment of a few anchors. If this spot check indicates that
these types of bolts may not be properly installed, then this inspection check should be expanded
accordingly. When re-installing the anchor, it should be re-tightened to a "wrench tight" condition

g I

or to the recommended tightness check torque values.

PN -~ e RPN, PUR, iy Lg 0 MR M IR e a0 111 . M H .
Nonshell-Type Expansion Anchors. The embedment length of nonsheli-type expansion anchors is
PURGTRS P Iy SR | FL T RS R oy Py R I VL .Sy | DR S (7, S S 7 TR s

redetermined by the lengih of the stud and the installation of the anchor. The appropriate overail
| ROV Ry AN A | PN, PR DU PR U PR Sy P PR NSURIY APy SCRIRIL PSS [J . DL ARSI L TR ol |
ICTIgt OI NONSNeii Studas 1S acpenacin upoi ue manuraclurer, ine modaci, and tne tmnickness o1 the
et am e acn mlata Faw sorhinle ¢lan nemnlama 20 Aanl cee o alkl. £ S s oo PR
equipiient base piate ior wnich tne aicnor 18 aecsig ed. Table 6.3-7, below, can be used as a
A Aanina Gmnanns Fas acoAcQTm e 1Yy atlhnw o mnmolhall Avremnaaaiaee gamale Lo S LT
SCLCLIU >l fUJ. AdOUTIHIILE Wh tll 1 d 1101151IC11 ©. Pd.ll y 1011 AlICIIOT h S ¢ d qualc [+ t CdIIl L. A
panman fF meniantinne jo givan tn Tahla £ 2 7 ainna thans are Aiffamamnac Sm nmmambalida s e
iaiigc O1 prUjCeCuoiid 1> givell il 1auic 0.0~/ SHICC UICIC diC aitiCICicCes il aCCepilani€ projecuons
depending upon the make and model of the anchor. If a nonshell stud projects more than the lower
value of this range, then anchor-specific information should be used to determine the embedment
lanoth nf tha annrhnr
l\ullsl—ll Ul uiv aliviiul

Table 6.3-7 Maximum Stud Projections Above Concrete for Nonshell-Type
.
Expansion Anchors (Table C.2-7 of SQUG GIP, Ref. 1)
Stud Maximum Stud
Diameter Projections
Above Concrete
1 (in )
(in.) (in.)
3/8 1/2 -3/4
1/2 1/2 - 3/4
5/8 172 -7/8
TIQ 1 1M
3/4 1o~ 1 1li&
710 1 11N s}
1710 1 1/4 - 4
1 1 1IN ~
1 1 1/4-4
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Note that careful evaluation is needed when checking the projections since larger projections than
those given above may be needed if the base plate is relatlvelv thick or if, at the time of installation
in the fa0111ty, a partlcular bolt length may not have been available. Also, for bolts made by some
manufacturers, the bolt projections may be larger than those given in the above table even for their
shortest bolts. Thus, while this check need only be visual, a careful evaluation should be made to
determine whether the stud projection is reasonable, given the bolt diameter, base plate thickness,
and whether a grout pad is used. When projections are larger than those given in Table 6.3-7,
adequate embedment should be evaluated by consulting design and construction documents and
vendor catalogs. Alternately, ultrasonic inspection techniques may be used to compare the
measured bolt/stud length to the manufacturer's recommended minimum embedment given in Table
6.3-6.

This embedment check should be performed on wedge- and sleeve-type nonshell expansion
anchors after the tightness check (Section 6.3.9) has been done. This is to ensure that the tightness
check does not pull the expansion anchor partially out of the hole beyond the required minimum
embedment.

For bolts with deeper embedments than the minimum values given in Table 6.3-6, manufacturer's
catalog data may be used, if it is available, to establish the nominal allowable capacities instead of
those glven in Table 6.3-1. As an alternative, Iacmty specmc testmg may be performed to
establish the strengtn of the more aeeply embedded expansion anchors. Guidance for resolving
anchorage outliers is provided in Reference 78.

6.3.3.2 C(Cast-in-Place Bolts and Headed Studs!”?

The nominal pullout and shear capacities (P, V,om) given in Tabie 6.3-2 are based on the
assumption that the embedment length is sufficiently long to preclude failure in the concrete. The
minimum embedments (L;,) given in Tabie 6.3-2 are equal to 10 times the bolt diameter (D).
Figure 6.3-1 shows the embedment length (L) for a cast-in-place bolt and a headed stud.

The embedment length should be evaluated by consulting existing drawings to ensure that the
actual embedment length (L) is more than the minimum (L,;,). If the construction drawings are
not available, ultrasonic means or other appropriate methods may be used to evaluate the actual
embedments.

If the embedment length (L) is less than the minimum value (L;,) given in Table 6.3-2, then a

pullout capacity reduction factor (RL ) and a shear capacity reduction factor (RL,) should be

multiplied by the nominal pullout and shear capacities (P, Viom) given in Table 6.3-2.

RL, =RL, = Pullout (p) and shear (s) capacity reduction factors for cast-in-place
anshare vrith challac oot

= 1.0 for L= 10D
(L+ D)L
= 2 —7- for 4D <L < 10D and L > 3 inches
(Lmin + D) Lin
= Qutlier for L < Greater of: 4D or 3 inches

17" Based on Section C.3.2 of SQUG GIP (Ref. 1)
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L = Length of anchor embedment per Figure 6.3-1
min = Minimum length of anchor embedment from Table 6.3-2

D = Diameter of anchor bolt/stud

6.3.3.3 Cast-in-Place J-Bolts!8

The nominal pullout capacities (Py,,) given in Table 6.3-3 are based on the assumption that the

If the embedment length (L) is less than the minimum value (L, ), then a pullout capacity
reduction factor (RL,)) should be multiplied by the nominal pullout capacity (P,.,). A capacity
vradizAtinm Fontne Fae chane 130 At mandad qtana Thalén Aazralaee ¢la i, £ P R <
reduction factor for shear is not needed since J-bolts devel p their full shear str gth even when
the embedment is so small that the J-bolt becomes an outlier due to insufficient embedment for
pullout (at L = 16D). Guidance for resolving anchorage outliers is provided in Reference 78.
RL, = Pullout capacity reduction factor for cast-in-place J-bolts
_ 1 N f"“ T ST
= 1.V 1 1, = ‘-‘mln
L + 20D
= for 180° hook whenL_. > L > 16D
62 5D et j_lmln R o AULS
— L + 8D Lo..ONO0 L1 __ 1L _ T T oSN, 12T
= 1or 5U° hook when L., > L 2 16D
62.5D
= Outli rL < 16D

For grouted-in-place bolts having embedments which are less than the minimum values given in
6.3.3.2 for cast-in-place bolts may be

Table 6.3-4, the capacity reduction factors given in Section 6 c
used to reduce the nominal pullout and shear capacities given in Table 6.3-4.

18" Based on Section C.4.2 of SQUG GIP (Ref. 1)
19 Based on Section C.5.2 of SQUG GIP (Ref. 1)
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6.3.4  Spacing Between Anchors?0

The spacing from an anchor to each nearby anchor should be checked to confirm that it meets the
minimum value so that nominal allowable anchor capacities can be used. A capacity reduction
factor can be used when bolt-to-bolt spacing is less than the minimum specified value. Minimum
spacings and reduction factors are given for each type of anchor covered in this procedure.

For expansion anchors, these spacing guidelines are based primarily on anchor capacity test
results. The pullout capacity of cast-in-place anchors and headed studs is based on the shear cone
theory. The minimum spacings are for distances between adjacent anchors in which the shear
cones of the anchors overlap slightly, reducing the projected shear cone area for each anchor by
about 13%. These minimum spacings are for anchors with the minimum embedment. Greater
spacings are necessary to develop the full pullout capacities of deeply embedded anchors if higher
capa01ty values are used. About 10 bolt diameter spacing is required to gain full capacity in
expansion and cast-in-place anchors.

The shear capa01ty of anchors is not affected as 51gn1hcantly as tension capa01ty by closely-spaced
anchors. Recommended minimum spacmgs for shear loads are glven along with the
corresponding capacity reduction factors for closely-spaced anchors.

For clusters of ciosely-spaced anchors, a capacity reduction factor shouid be applied to an anchor
for every other nearby anchor. For example, if there are three anchors in a line and all are closer
than the minimum spacing, then the center anchor shouid have two reduction factors applied to its
nominal capacity allowable and the outside anchors should have only one reduction factor applied.

1 . . L.

1d be made from anchor centerune to anchor
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20 Based on Section 4.4.1 - Check 7 of SQUG GIP (Ref., 1)

21 Based on Sectlon C.2.5 of SQUG GIP (Ref. 1)
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—-— in1atae Af nnnlhoe bl lotas 2
D = Diameter of anchor bolt/stud
—_ i rintinn Fantee Fan Alacals; qmanaAd
RS, = Shear capacity reduction factor for closely spaced
~srinmiaCemin A a s A
€Xpansion ancnors
1 N £ N AT
= 1.V 10I O = 2D
— n < Lnae © - AT
= V.o 101 O < 4L
11 ntinm Fantar chatild laa ameliad FAae ann | PN, 0 MUy AU, s ST IR SURPT I .
A reduction factor should be applied for each nearby anchor, whether it is another €xpansion
3 - a2 gnaninge I given akhntre arae Aafiaad fn farmaa -
anchor or a different type of anchor. The spacings (S) given above are defined in terms of
1 manorirad Fenma ol mnat o s g A
multiples of the anchor bolt/stud diameter (D), measured from anchor centerline to centerline.
6.3.4.2 Cast-in-Place Bolts and Headed Studs??
If the spacing (S) between a cast-in-place anchor and another anchor is less than the minimum
value (Syin) given in Table 6.3-2, then a pullout capacity reduction factor (RS,) and a shear
nntaniter wadirntiae Fantmn MO Y ol Tl 3 Tam cnnaalean 2 0 T Lo, a1 1T 1 1 LR
capacity reauction 1actor (RSg) should be multiplied by the nominal puliout and shear capacities
ST T AN . m bi 6 ~ 2
(Prom> Vnom) given in Table 6.3-2.

Note that a reduction factor shoulgi be _applig:_d for each_ nearby anchor, whether it is another cast-in-
place anchor or a different type of anchor. For example, for 4 bolts in a line, the interior bolts
would be subject to 2 reductions, while the exterior bolts would be subject to only one reduction.

Note that if there are 5 or more cast-in-place anchors in a cluster which are spaced closer together
than the minimum (S,;,) as defined in Tabie 6.3-2, then the puiiout capacity reduction factor (RS,)
cannot be used and the anchors in that cluster should instead be identified as outliers. ’

RS, = Pullout capacity reduction factor for closely spaced cast-in-
_ place anchors
= 1.0 for S =S,
As red
As,nom
= Outlier where there are 5 or more cast-in-place anchors in a cluster

in which S < S_ ;.

S = Spacing from the bolt being evaluated to an adjacent bolt
measured center-to-center

Spin = Minimum spacing to develop full pullout strength from
Table 6.3-2

T TN T

ased on Section C.3.3 of SQUG GIP (Ref. 1)
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Agnom =

NTnamntan n b oama 2o ~n T o PRI, Py, U T

Nominal projected area of the nunovcnapplng shear cone
of a s1ng1e boit located at the minimum spacing distance
(Spin) from Table 6.3-8. The values of Ag ;o given in
Table 6.3-8 are about 13 percent less than the full,
geometric shear cone projected area.

Ta 'e_: 6.3-8 Nonoverlappmg Projected Shear Cone Areas for Bolts Meeting

Minimum Spacing Requirements (Table C.3-2 of SQUG GIP, Ref. 1)

Bolt Nonoverlapping
Diameter Shear Cone Area
(D, In.) (As,nom- in.2)
3/8 41.9
1/2 74.1
5/8 116.0
3/4 167.4
7/8 227.2
1 297.3
1-1/8 376.7
1-1/4 464.1
1-3/8 562.2
Agrea= Reduced projected area of the nonoverlapping shear cone
of a single bolt located less than the minimum spacing
{(Smin) from another boit. The values of Ag .jare
calculated from the following equation:
w2 - M2 gan(8)
nr ——II' U—T bllll'—”
21 \2/]
27T o+ M
L, T L/
r = -
2
af S ]
8 = 2 cos!| |
2L + D]
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6.3.5  Edge Distance?

The distance from an anchor to a free edge of concrete should be checked to confirm that it meets
the minimum value so that the nominal allowable anchor capacities can be used. A capacity
reduction factor can be used for an anchor which is closer to an edge than the minimum. Minimum
edge distances and reduction factors are given for each type of anchor covered in this procedure.

For expansion anchors, these edge distance guidelines are based primarily on anchor capacity test
results. Full pullout and shear capacity can be developed for cast-in-place anchors and headed
studs which are no closer to a free edge than the radius of the projected shear cone. The minimum
edge distances correspond to the shear cone just touching the free edge of concrete at the surface
(no credit is taken for concrete reinforcement). These minimum edge distances apply to anchors
with the minimum embedment. Greater edge distances are necessary to develop the full pullout
capacities of deeply embedded anchors if higher capacities are used. About 10 bolt diameter edge
distance is required to gain full capacity of expansion anchors.

When an anchor is near more than one free concrete edge, a capacity reduction factor should be
applled for each nearby edge For example if an anchor is near a corner, then two reduction
factors apply. The edge distances can be checked in the field by a visual inspection and, if
necessary, the edge distances can be measured. Measurements should be made from anchor
centerline to the free edge.

6.3.5.1 Expansion Anchors?

If the distance (E) from an expansion anchor to a free edge of concrete is less than the minimum
value (E,;,) given in Table 6.3-1, then a pullout capacity reduction factor (REp) and a shear
capacity reduction factor (RE,) should be mulitiplied by the nominal puliout and shear capacities
(Phom> Vnom) given in Table 6.3-1.

- it ~nmanito sadiiatinm fantoe far mann adon avmanodmm
REP = Pullout ¢ pacit reduction factor for near €age exparnsion
1
ancnors
1 N L T S 1NTN
= 1.V 101 L Z 1D
-
B
= — for 10D > E> 4D

= 0.0 (Outlier) for E< 4D

vs]
]

Edge distance from centerline of anchor to free edge

D = Diameter of anchor bolt/stud

25 Based on Section 4.4.1 - Check 8 of SQUG GIP (Ref. 1)

(i 018100} VI DWJULT U L)

26 Based on Section C.2.6 of SQUG GIP (Ref. 1)
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RE, = Shear capacity reduction factor for near edge expansion

anchors
= 1.0 for E = 10D
r L5
= I—I for 10D > E > 4D
[ 10D |

= 0.0 (Outlier) for E < 4D
A reduction factor should be applied for each nearby edge; e.g., if an anchor is near a corner, then
two reduction factors apply. The edge distance (E) given in the tables above are in terms of
multiples of the anchor bolt/stud diameter (D), measured from the anchor centerline to the edge.

6.3.5.2 Cast-in-Place Bolts and Headed Studs??

If the distance (E) from a cast-in-place bolt or a headed stud to a free edge of concrete is less than

the minimum value (E,;,), given in Table 6.3-2, then a pullout capacity reduction factor (RED) and
a shear capacity reduction factor (RE;) should be multiplied by the nominal pullout and shear
capacities (Ppom, Vpom)» given in Table 6.3-2. A reduction factor should be applied for each

nearby edge; e.g., if an anchor is near a corner, then two reduction factors apply.

RE, = Pullout capacity reduction factor for near edge cast-in-

A
= —ered for Eppn, > E 2 4D
A

e,nom
= 0.0 (Outlier) for E < 4D
= Edge distance from centerline of anchor to free edge

Epin = Minimum edge distance to develop full pullout
capacity from Table 6.3-2

D = Diameter of anchor bolt/stud

Agnom = Nominal projected shear cone area of a bolt which is
located away from a free concrete edge at least the
minimum edge distance (E,;,) given in Table 6.3-2

= 0.96 i (2L + D)?

Length of embedment of bolt being evaluated

=
]

27 Based on Section C.3.4 of SQUG GIP (Ref. 1)
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Ae,red = NEGUCS

= rr? - L %6 — 2r E sin (9]
= olll
2| \2)]
4 2E ]
0 = 2cos | ——— |
2L + D
. _ 2L + D
’ B 2
RE, = Shear capacity reduction factor for near edge cast-in-
place bolts and headed studs
= 1.0 for E = 8.75D
re??
= 0.0131 | =| for 875D > E > 4D
LD]
= 0.0 (Outlier) for E < 4D

6.3.5.3 Cast-in-Piace J-Bolis?3

e minimum edge distances given in Tabie 6.3-3 for J-boits are the same as those for cast-in-
place boits and headed studs. Likewise the capacity reduction factors for J-boits installed near an
v alam ¢4

edge are also the same as discussed in Section 6.3.5.2 for cast-in-place bolts and headed studs.

For calculating reduction factors for near-edge J-bolts, the “L” dimension from Table 6.3-2 for
cast-in-place bolts should be used.

~ 2 Daorsitnad 20 Dlnns DA16:29
V.J.J.%4 LI WU-II-T 1dlC DUILWT
i 3 Az rhinh ona Jaco tham $ha taafam e ins cooToo o 2ot
For grouted-in-place bolts having edge distances which are less than the minimum values given in
i 3 i Q 3t L 2R Fre nact dn mwlana lhalic con oo Tas
Table 6.3-4, the capacity reduction factors given in Section 6.3.5.2 for cast-in-place bolts may be
used to reduce the nominal pullout and shear capacities given in Table 6.3-4
29 N o e A A D NNT TSN PNTT ST B AN
<6 Based on Section C.4.4 of SQUG GIP (Ref. 1)
29 acad ~n Qantlmn ~ A
<7 Based on Section C.5.2 of SQUG GIP (Ref. 1)
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6.3.6  Concrete Strength and Condition3°

'
Tha ~rAancrata CAMINPrACQIY, Y ehnanld ha AltainaAd Ao re ~ et o PP Iy

111€ CONCrete Compressive surengin (fc ) should be obtained from dcblgu documentation or tests to

confirm that it meets the minimum vaiue so that the nominal allowable anchor capacities can be
used. A capacity reduction Iactor can be used Ior concrete which has lower strength than the
minimum. Minimum concrete strength and reduction actors are given for each type of anchor
covered 1n this procedure.

) U I LR Al sk s al o % MR L [ 1 111 1 1 1, 1 T L. . ~ ~

in aadiiion, tne concrete in tne viCinity oI tne anchor snould be checked to be sure that it 1s free of

e A O __ L L 1A O 4ol L PR a a1l Lt 1 Lo o1 T 1 . . e - .
TOSS de1ects whnicit Could alle€ct the noiaing strengin oI the ancnor, This check shouid be done in

PR S . SR ) & €V ndlme LT Qoo AL a L L T . 1 N ~

conjunction with Section 6.3.7. Surface defects such as hairline shrinkage cracks are not of

concem

Nnta that thio mannandrirea rnsraro aomnalhaeos tmctallad caaler Son oz A ot 1 o e

INOE tat Ulis procedure Covers ancnors insiailed Only in poured, structural concrete. It any

equipment is secured to other types of concrete or masonry structures, such as concrete block

maannmrs iralle tha annhAaraaa far that itam AF anrrimmaant chea:ld la Alacaifad ae am ~ecdllia A A

INadOIly waiis, ui iCiivLagc 101 uidl itelinn U1 CQUIpIncin Snoula oe ClasSsSITIed as an outlier and

arrnhiatad canaratalyr 110ina anidanca 1n Chantar 1) and Dafawana s 70O

vvaiudaicil bCle.lal.Cly uouls suxuauuc U1l ClIapwel 14 IU INCACICIICT /0.

Tha rnmnracoiva ctranath Af tha Arannrata fran narmallyy lha Altninad fenna Faonilifte: Ammata it ~om

LU CULLIPICOSI VL SUCLHIELUL UL UWIC CULILICIC Lall 1VUlTally UDC UDlallicU 110111 1aCLHILY COnsSuuction
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ULAWILIIEDS, SPLLILLILVALIVILS, Ul UUIVE UULULIIVUILS. 11 UL HIEVIITIAUUL IS 1IUL avaliaulc, CULC >allipic

information can be used or new samples can be taken and tested.

1]
If the concrete compressive strength (£,) is less than 4000 psi for pullout loads or 3500 psi for
shear loads, then a pullout capacity reduction factor (RF,)) and a shear capacity reduction factor
(RF,) should be multiplied by the nominal pullout and shear capacities (Ppom, Vigm), given in

11vi1L” JULVIE Y LR =g

Table 6.3-1.

RF, = Pullout capacity reduction factor for expansion anchors in
low strength concrete
- P ! P .
= 1.0 tor f, 24000 psi
1]
f i
= < for 4000 psi > f_ > 2000 psi
4000
'
- itlier or £ < 2000 nai
N ildAwa s lc NP A VAV AV S yox
' -
f. = Concrete compression strength (psi)
30 Based on Section 4.4.1 - Check 9 of SQUG GIP (Ref. 1)

31 Based on Section C.2.7 of SQUG GIP (Ref. 1)
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If the concrete compressive strength (f,) is less than 3500 psi, then a pullout capacity

reduction factor ( RFp) and a shear ca_nacltv reduction factor (RF,) should be multiplied by
the nominal nullont and chear canacitieg ( Vv Y ni‘mn in Tahla & 2.2
WaAC LGULLILAR Plialul QG Sucal vuyuv S I poms Y nom/ &iVeil il 14UIC U.0-5.
P — DT —_ Dhallarrt f3a) and nl. AAAAAA Xt L a4
R, = RI - ruudul (P) aiia Sinc. \b) Lapdul.y reauction ractors
for J-bolts in low strength concrete
= 1.0 for f 23500 psi
‘ '
| £, for 2500 bsi < £ < 3500 ne
= \\7zqy Ior 00 ps1 £ t. < 3500 psi
¥y JJuUYU
) 1]
= Outlier  for f, <2500 psi
1
Yy -— Concraete ‘-““““““‘. Ay gt h
f, = Concrete compressive strength (psi)

< , the capacity reduction factors given in Section

¢ 5 18 Y slve 1 2CCL0N O, 1 i-paal
mav ha nead tn radineca tha naminal mnllant and chaasr fanaonitine givenm s Takla £2 A
Luay UL UdTU W ILLIULL Wi LuULLIal pulivut ailil Siical paciucs glvell 1l 1dvic U.0-4

3 Based on Section C.4.5 o
4 Based on Section C.5.3 o
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No Cracks 1.0

Crack Size < 0.01 in. and the number of

required anchors securing the equipment

which are affected by these cracks is:
« EN 4 N
> JVU70 1.U
~ &ENo7. N =188
2~ JU70 U./70™

0.01 in. < Crack Size <0.02 in 0.75%

Crack Size > .02 in. Outlier

*  Capacity reduction factor applies to all required anchors securing the item of
equipment, not just the anchors which are affected by the cracks.

6.3.7.2 Cast-in-Place Bolts and Headed Studs37

If there are significant structural cracks in the concrete where the cast-in-place bolts and headed
studs are installed, then a pullout capacity reduction factor (RC,) should be multiplied by the

nominal pullout capacity (P,) given in Table 6.3-2. The shear capacity of the cast-in-place bolts

1aalial pyuRliut o T r
and headed stud anchors is not significantly affected by cracks in the concrete
The pullout capacity reduction factor applies only to significant structural cracks which penetrate
the concrete mass and pass through the vicinity of the anchor installation. Concrete with surface
(craze) cracks or shrinkage cracks which only affect the surface of the concrete should be
considered uncracked. It may be necessary to exercise judgment to establish whether cracks in the
vicinity of an anchor actually pass through the installation. Inspections for crack width should be
visual (i.e., detailed measurement of crack widths is not necessary).
RC, = Pullout capacity reduction factor for cast-in-place anchors
in cracked concrete
= 1.0 for no cracks and for CS < 0.01 in
= 1.08 -8 CS for0.01 in. < CS <£0.06 in.
= Outlier for CS > 0.06 in.
cSs = Crack size (approximate size based on visual observation)

- ~ T T r‘rP/n o1

Ty A L O Lt Faalle BV 44 £ O ~ AY
Based on >ecuon L.5.0 01 dYUULU UIlK (KCI. 1)

ql\
o
(=]



6.3.7.3 Cast-in-Place J-Bolts38

The areas adjacent to J-bolt installations should be inspected for significant structural cracks which
penetrate the concrete mass. Concrete with surface (craze) cracks or shrinkage cracks which only
affect the surface of the concrete should be considered uncracked. Inspections for crack width
should be visual (i.e., detailed measurement of crack widths is not necessary). J-bolts should be
classified as outliers when either of the following two crack sizes are exceeded:

. When cracks are larger than about 0.02 inch wide and traverse through the J-bolt
installation, or

. When cracks are larger than about 0.05 inches wide and exist near the J-bolt installation.

6.3.7.4 Grouted-in-Place Bolts3®

If there are significant structural cracks in the concrete where the grouted-in-place bolts are

installed, then the pullout capacity reduction factors given in Section 6.3.7.2 for cast-in-place bolts
may be used to reduce the nominali puliout capacities given in Tabie 6.3-4.

o
NN

38 Based on Section C.4.6 of SQUG GIP (Re

U1 DCL LT g A A

39 Based on Section C.5.3 of SQUG GIP (Ref. 1
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6.3.9  Tightness Check and Reduced Inspection Procedure for Expansion Anchors

N
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3

D

The tightness check for expansion anchors can be accomplished by applying a torque to the anchor
by hand until the anchor is "wrench tight," i.e., tightened without excessive exertion. If the anchor
bolt or nut rotates less than about 1/4 turn, then the anchor is considered tight. This tightness
check is not intended to be a proof test of the capacity of the anchorage. This check is merely
meant to provide a reasonable assurance that the expansion anchor is not loose in the hole due to
gross installation defects. Loose nuts may indicate inadequate anchor set.

It is not the intent of this procedure to require disassembly of cabinets an

electrical cabling and conduit to provide access to the expansion an

Therefore, in those cases where expansion anchors are inaccessi

or during shutdown, the SCEs should make a judgment as to whether

of tightness checks which have already been made in the facility

problem of inaccessibility and the results of the other tightness ¢

checking the tightness of inaccessible expansion anchors is that

have been properly installed because access to them was limi it
reason for inaccessibility should be considered when deciding not to check the ti
expansion anchors.

For facilities which have a large number of similar expansion anchors installed, a sampling
program may be used for the tightness check based on achieving 95% confidence that no more than
5% of the expansion anchors fail the tightness test. Guidelines for conducting a sampling program
are provided below.

It is not necessary to perform a tightness check of an expansion anchor if the anchorage for that
piece of equipment is robust; i.e., there is a large margin between the applied load and the
anchorage capacity. Guidelines for evaluating whether there is sufficient margin in the anchorage
are provided below.

It is not necessary to perform a tightness check of expansion anchors which are loaded in tension due
to dead weight, since the adequacy of the anchor set is effectively proof-tested by the dead weight
loading. Judgment should be exercised to assess the need for tightness checks when multiple
expansion anchors are used to secure a base plate loaded in tension by dead loads.

SCEs should be aware that a tightness check alone for shell-type expansion anchors may not be
sufficient to detect gross installation defects of expansion anchors. If the top of the shell is in contact
with the equipment base, then the tightness check may simply be tightening the shell against the bottom
of the equipment base as shown in Figure 6.3-6. SCEs should exercise engineering judgment and
spot check for this type of instailation defect by removing a few boits from sheli-type anchors and
inspecting them to ensure that the shell anchor and the equipment base are not in contact. If this spot
check indicates that these types of bolts may not be properly installed, then the inspection check should
be expanded accordingly. Embedment length is determined from the point on the anchor to the surface

P N |

of the structural concrete. Grout pads should not be included in the embedment length.

A A 1. A

41 b5 1 o .t 1 Vo g 1MNAQ OO TolVah & » Wa
Yo bBased on secuions 4.4.1 - LNECK 4 and LU.£.05 O DYULU UILE (
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The tightness check can be performed by using a standard size box or open-end wrench on the bolt
head or nut and applying a torque by hand until the bolt or nut is "wrench tight"; i.e., tightened
without excessive exertion. For those cases where specific torque values must be used (e.g., for
maintenance work orders), the "Tightness Check Torque values given in Table 6.3-10, below
can be used for this expansion anchor tightness check. These values correspond to about 20% of

the normal installation torques.

Table 6.3-10 Recommended Torque Values for Expansion Anchor
Tightness Check (Table C.2-3 of SQUG GIP, Ref. 1)

Anchor Instailation Tightness Check
Diameter Torque Torque
(in.) (ft-1bs) (ft-Ibs)
3/8 25-35 5-7
1/2 45-65 9-13
5/8 80-90 16-18
3/4 125-175 25-35
7/8 200-250 40-50
1 250-300 50-60
1-1/4' 400-500 80-100

'Data from Table C-39 of WSRC SEP-6 (Ref. 3)

A well-installed expansion anchor should not rotate under this applied torque. A small amount of
initial rotation (about 1/4 turn) is acceptable provided the nut or bolt will tighten and resist the
applied torque. If a bolt turns more than about 1/4 turn, but does eventually resist the torque, it
should be re-torqued to the manufacturer's recommended installation torque and then considered

acceptable.

A sampling program can be used to check the tightness of expansion anchors provided it achieves
95% confidence that no more than 5% of the expansion anchors fail to meet the tightness
guidelines given above. This 95/5 criterion can be met using the guidelines given below for
sample size, homogeneous population, allowable number of nonconforming anchors, and use of
initial tightness test results.
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. Sample Size. The number of expansion anchors selected for tightness checking should be
at least as large as given in Table 6.3-11 below for "Sample Size".

Table 6.3-11 Sample Size for Expansion Anchor Tightness Check
(Table C.2-4 of SQUG GIP, Ref. 1)

. Samplel
Condition Size

Expansion Anchors Securing Equipment Which 100%
Contains Essential Relays

Total Size of Homogeneous Anchor Population Is 100%
Less Than 40 Anchors

Total Size of Homogeneous Anchor Population Is 40 Anchors
Between 40 and 160 Anchors

Total Size of Homogeneous Anchor Popuiation Is 20%
More Than 160 Anchors

INote: The sample sizes provided in this table are for accessible bolts.

. Homogeneous Population. The sample size is based on the total population of expansion
anchors being homogeneous. Factors such as installation specifications, quality assurance
procedures used in the installation specifications, quality assurance procedures used during
installation, bolt manufacturer, installation contractor, etc., should be considered when
judging whether or not the total population is homogeneous. If there is more than one
homogeneous set of expansion anchors, then the sample size limitations given above and
the allowable number of nonconforming anchors given below apply to each individual

population.
. Aliowabie Number of Nonconforming Anchors. The criterion of 95% confidence that

there are no more than 5% nonconforming anchors can be met if the number of expansion
anchors which fails the tightness check does not exceed the limitations given in Table 6.3-
12 below. If more than these number of anchors fail the tightness check, then the sampie
: o~ Lo S mammmm ] niall 2Ll .

uld be increased until the failure rate does not exceed the limitations in this table.
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muitiplied by the nominal pullout and shear capacities (P,ms Vpom) given in Table 6.3-1.
RI, = Pullout capacity reduction factor for use with Reduced
Inspection Alternative
= 0.75
RI, = Shear capacity reduction factor for use with Reduced
Inspection Alternative
= 0.75

Other Effects Do Not Reduce Anchor Capacity. None of the other effects which could
lower the capacity of the anchor are present. The following anchorage inspection checks,
should show that the anchors have full capacity. The checks and the full capacity values

are listed:

Gap Size: None (Section 6.2.3)
Spacing: S 2> 10D (Section 6.3.4.1)
Edge Distance: E=>10D (Section 6.3.5.1)
Concrete Strength:

For Pullout: _; >4000 psi (Section 6.3.6.1)

1

For Shear: f. 23500 psi (Section 6.3.6.1)
Concrete Cracks: None (Section 6.3.7.1)

Essential Relays: None (Section 6.3.8)

One Third of Anchors Not Available. The applied seismic and dead loads should be less
than the allowable anchor pullout and shear capacities given above when a third of the
anchors securing the item of equipment are assumed to be unavailable for carrying loads,
i.e., 50% more bolts are used to secure the item of equipment than necessary to meet the
allowable loads. There should be at least six anchors securing the equipment with four
assumed to be carrying the load and two not.
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1.35
2.70
1.35
4.06

Allowable

X

(Table C.6-1 of SQUG GIP, Ref. 1)
707tL)
0.0442
0.0884
0.0442
0.1326

Throat Area
(A

\

o

£ OOINT T T T

172
Based on Section C.6.1 of SQUG GIP (Ref. 1)

3/4
1/4
3/4

allowable loads are based on a weld stress allowable of 30,600 psi.

Weld Sizes

1/8
1/8
1/4

Table 6.3-13 Allowable Capacities for Typical Welds (E60 Electrodes)
1/4

4? Based on Section C.6 of SQUG GIP (Ref. 1)

The allowable loads for typical welds made with E60 electrodes are li




Where:

>

1]

6.3.10.1.2  Summary of Equivalent Weld Sizes*’

A summary of equivalent weld sizes which have the same capacity as other types of fasteners is

shown in Table 6.3-14.

Thickness of the weld leg

Length of the weld

Cross-sectional area through the throat of the weld
0.707tL
Allowable load capacity of weld

Table 6.3-14 Summary of Equivalent Weld Sizes
(Table C.6-2 of SQUG GIP, Ref. 1)

Welds Equivalent Bolt Diameter (D, in.)
Typical Size Throat Area Expansion Cast-in-Place
(Lxt, in.) (in.2) Anchor Bolts Anchor Bolts
1/2x 1/8 0.0442 3/8 -
1x1/8 0.0884 172 --
1x3/16 0.1326 3/4 3/8
1x1/4 0.1768 3/4 3/8
2 x3/16 0.2651 7/8 1/2
2x1/4 0.3535 1 5/8
2x3/8 0.5305 -- 3/4

45 Based on Section C.6.2 of SQUG GIP (Ref. 1)
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6.3.10.1.3  Weld Check?¢

The welds used for anchoring equipment to embedded or exposed steel should be inspected in the
following areas:

Determine the overall length (L) and thickness (t) of the welds. The weld thickness should
be limited to the thinnest part of either the weld itself or the connecting part.

Check for weld burn-through on cabinets made of thin material.
Check for weld quality, particularly in puddle welds which carry high tension loads.
The minimum effective length of fillet welds should not be less than 4 times the nominal

size of the weld, or else the size of the weld should be considered not to exceed 1/4 of its
effective length.

6.3.10.1.4 Embedded or Exposed Steel Check??

The embedded steel or the exposed steel to which the equipment is anchored by the weld should be
evaluated to determine whether it has the capacity to carry the loads applied to it.

_1 ek o A MY N _ L oy 1. 7 Y ol ¢ ) N 1 10 1 P a1
DIC SIIESSES IT0111 Falt £ Of UIC ALDU COUC (KCI. d81) may D€ used 1or evaluaung the
acy of exposed sieel and the structural members of an embedded steel assembly. The
lines given in Section 6.3 can be used for evaluating the cast-in-place bolts and headed studs
Ta neem n svcnod ~AF thin mcnnmlan A A A ~banl Anaasalader
11 ¢ da p L Ol Ul J1OCUUCU SICCL dbbculUly

46 Based on Section C.6.3 of SQUG GIP (Ref. 1)
47 Based on Section C.6.5 of SQUG GIP (Ref. 1)
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needed to evaluate the proof torque. Note that these curves cannot be extrapolated to give higher
allowables. Following the additional torque check, the gap must be re-evaluated between the top

load. Figures 6.3-7 to 6.3-10 give the 95% lower confidence bound torque tension correiation

.

Higher tension aliowabies may be used if the boit can be torqued to induce the desired tension
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i
[ 11 /
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Embedded Steel Plate —/
or Channel ( 1)
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Typical Installations of Cast-In-Place Bolt and Headed Stud

Figure 6.3-1
(Figure C.3-1 of SQUG GIP, Reference 1)
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would rotate due to an ovcrturﬁmo moment. The location of the center of rotation should be
estimated based on the following guidance. For very rigid equipment bases, such as heavy
machinery on skid mounts, the equipment may be considered to pivot about its outer edge or far
side bolt centerline. For flexible equipment bases, such as electrical cabinets with light base

This remainder of this section contains estimates of equipment mass, natural frequency, and
damping for the various classes of equipment for anchorage evaluations as summarized in Table
6.4-1. For those classes of equipment not covered in Table 6.4-1, the relative flexibility/stiffness
and damping should be estimated based on engineering judgment, past experience, and comparison
to the equipment provided in Table 6.4-1.

The purpose of Table 6.4-1 is to describe generic characteristics which may be used during
anchorage evaluations in place of equipment-specific data. These generic characteristics typically

ga

8 Based on Sections 4.4.1 - Check 1 and C.1 of SQUG GIP (Ref. 1)
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peak of the floor response spectrum (for the damping value given in Table 6.4-1) should be used.

C

v

2

L

1

4

when shake table test results are used in which the equipment was weldéd t ,

H

L

72

secured with expansion anchors are based on analytical model

Ly

gy
£

Period Acceleration (ZPA) of the appropriate floor response spectrum. For flexible equipment, the

Figure 6.4-1 provides equations for computing the lowest natural frequency of typical structural
frames.

For rigid equipment, the seismic demand on the equipment can be determined by using the Zero

Data for in-line equipment is not contained in Table 6.4-1.



Table 6.4-1 Generic Equipment Characteristics for Anchorage Evaluatio
(Tahla C.1.1 of SOTIC GIP Raf
\lal’l\f reldTA UL UYUU AL L] FANSS &
Equipment Class Typical Maximum Weight Typical Natural
ar Waioght Nancita - (hY -
LYY UlsllL U\/lloll.] brequency\ul and
Damping
Motor Control Centers 800 Ib per cabinet@ Flexible
(Section 8.1.2) g 5% Damping
Low-Voltage Switchgear 35 Ib/fi Flexible
(Section 8.1.3) 5% Damping
p i =
Medium-Voltage 31 1b/ft3 Flexible
Switchgear® 5% Damping
(Section 8.1.4)
Transformers Rating (KVA) Weight (Ib Flexible
(Section 8.1.6) 5% Damping
3,000 15,000
2,500 11,050
2,600 9,400
1,600 6,360
100 975
Horizontal Pumps with Power (HP) Weight (Ib) Rigid
Motors 5% Damping®
(Section 8.2.3) 1,000 20,000
600 16,500
500 12,000
400 8,600
200 6,000
100 3,600
Vertical Pumps with Motors Power (HP) Weight (Ib)
(Section 8.2.4)
a. Vertical 150 4,000 Flexible
Immersion 3% Damping
b. Centrifugal 500 9,000 Rigid
Z,GOO 48,000 5% Damping(c)
c. Deep-Well 500 19,000 ~ Flexible
(motor) 3% Damping
14,600
(pump)
Air Compressors Power (HP) Weight (1b)
(Section 8.2.6) . .
50 4,000 Rigid
200 10,000 5% Damping®®




Table 6.4-1 (Continued)
Equipment Class T'ypical Maximum Weight Typical Natural
r Weioht Dengity recaiency® and
L vy vaAAt ‘lvllult} i 1v\1uvu.v.y LI\l
Damnino
uvul.xtluxs
Motor-Generators (Not Available) Rigid
(Section R 2.7 o .
(Section 8.2.77) 3% Dampig"™
Batteries on Racks 0.11 Ib/in’ for batteries, < Flexible
\wection o.1.1) plus weight of racks 3% Damping
Battery Chargers and Inverters 45 Ib/ft3 Flexible
(Section 8.1.7) 5% Damping
Engine-Generators (Not Available) Rigid
(Section 8.2.8) 0 o(©)
{ ‘e 5% Damping
Instrument Racks 20 Ib/ft? of vertical face Flexible
(Section 8.1.9) 3% Damping
Generic Equipment Cabinets 3 times the weight of cabinet Flexible
(Section 8.1.5) housing 5% Damping
Walk-Through Control Panels Determine and use weight Flexible
(Section 8.1.8) per foot of length 5% Damping

(a) Medium voltage switchgear are called "Metal-Clad Switchgear" in Reference 41.

(b) The lowest natural frequencies of the overall structural mode are given as either Rigid
(> about 20 Hz) or Flexible (< about 20 Hz) and apply only to anchorage evaluations.

(c) A damping value of 5% can be used for rigid equipment since the seismic accelerations
can be taken from the ZPA which is not affected significantly by damping level.

(d) Note: When using the screening tables in the EPRI Anchorage Report (Reference 41),
an average weight per MCC section of 625 pounds was used rather than the 800
pounds shown in this table.

6.4.2 Seismic Loads*

N uating the seismic adequacy of anchorage is to determine the loads applied to
the anchorage by the seismic demand imposed on the item of equipment. This is done using the
- Pl =y
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3 peermine e sCismic inertial ancnor 10ads by caiculaiting the various load components for
each direction of motion

4 Calculate the combined seismic loads on each anchor from each of the three directions of
seismic motion. Then combine the load components from these three directions using the
Qrirara Dant Crirm Af tha Chnaras ICDCQN 1araéth A
oqucuc INUUL JUlLLL UL UL Q\iudlcb LR DODY) LHCUIVUL

5 Calculate the total anchor loads on each anchor by adding the combined seismic 1oads to the
equipment deadweight loads and any other loads on the equipment.

T oacae firus etanc ara r]ncr\r; Pl“ ]‘\Q]I‘\III‘

A 1IWOV 11V DLUHD ALV UVOVILIIUVU UVILIUYY .,

Step 1 - Input Seismic Accelerations. The first step in determining the seismic demand loads on the

anchorage is to compute the input seismic accelerations from an appropriate in-structure response

spectrum, at the damping and natural frequency of the equipment, for the location in the facility

where the equipment is mounted. Section 5.2.2 discusses the techniques for determining the

scaled in-structure response spectrum (SDS) which is computed from the Design Basis Earthquake

(DBE),

\ 7

If the equipment is located in an area where there are two applicable lateral response spectra

(nominally one N-S and one E-W), then one of the following alternatives can be used to define a

single horizontal seismic demand acceleration for load calculation

. Use the higher acceleration for both horizontal directions.

. Use the acceleration value (either N-S or E-W) which aligns with the direction of the
"weak" anchorage for that item of equipment.

. Use the actual direction N-S and E-W accelerations for the N-S and E-W loads on each

item of equipment.

The vertical component of acceleration should be the appropriate site-specific fraction of the
horizontal component of acceleration. For most equipment classes, the vertical direction
fundamental frequency is in the rigid range.

The following factors which should be considered in determining the input seismic accelerations
are covered below: equipment damping, natural frequency of the equipment, and use of
unbroadened response spectra.

Equipment Damping. A 5% damping value can be used in anchorage evaluations for most
of the equipment classes covered by this procedure. Section 6.4.1 lists the equipment
classes for which 5% damping is recommended. This level of damping is adequate for
these classes because the equipment either exhibits this level of damping or it is essentially
rigid (natural frequency greater than about 20 Hz) so that the damping level is nearly
irrelevant. Section 6.4.1 also Iists the classes of equipment which have lower damping
(3% damping) and which are, in general, flexible. This equipment includes electrical
equipment and some types of Vertical Pumps. It should be evaluated that the equipment
does not have unusual features which could lower its damping beiow the values given in
Section 6.4.1.

In-structure response spectra for the facility may not be available at the 5% or 3% damping
levels recommended in this procedure for anchorage evaluations. Therefore availabie
s, e : £l

response spectra may be normalized to the desired spectral damping level using one of the
- L M n n.
S :



For in-structure response spectra which have a shape similar to the Reference Spectrum,
(without very narrow peaks) the spectral acceleration for a desired damping ratio B can be

1 ith A 1 +2 £ R. s rratme ¢han
estimated from an available response spectrum with a damping ratio of B by using the
FAallAv,: Int Thiee
IOUOWINE réiationsnip:

m
~YiD iA \I
1

Sa. > 7ZPA
| J @ X3 —_ Ll )
iD
T 3 Y in tha high feammanaty raginne 1 2 Ffraqiianaisac grantar thom sl Lo oo o
for frequencies (f;) in the high frequency region,; i.e. frequencies greater than th frequency
nnnnnn atad xiele tl o 1. ~ ~ PR PR

Saja =  available spectral acceleration at frequency fj associated with a damping
ratio Ba

Sajp =  desired spectral acceleration at frequency f; associated with a damping
ratio Bp

Bao =  damping ratio of available response spectrum

fp =  damping ratio of desired response spectrum

ZPA =  Zero Period Acceleration

fi =  irequency of interest

Natural Frequency. The lowest natural frequency (f,) of the equipment may be estimated
by past experience with testing or analysis. The natural frequency of the equipment can be
determined during the inspection of the anchorage installation. Note that reasonable
estimates of equipment natural frequency for several equipment classes are given in Section
6.4.1 as either rigid (f, > about 20 Hz) or flexible (f; < about 20 Hz). The following
classes of equipment can generally be considered as rigid (i.e., natural frequency greater
than about 20 Hz) if anchored stiffly:

. Horizontal Pump (Section 8.2.3)
. Air Compressors (Section 8.2.6)
. Motor-Generators (Section 8.2.7)
. Engine-Generators (Section 8.2.8)

Klgld equ1pment can use a damping value of 5% since it is not significantly amplified over
the Zero Period Acceleration (ZPA).
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Step 2 - Seismic Inertial Equipment L.oads. The second step in determining the seismic deman

E

=X
o
=3

D
7

AO1111 41X 1 olvly M

loads on the anchorage is to compute the seismic inertial equipment loads for each of the three
directions of motion using the equivalent static load method. In this method, the seismic ana
is performed statically by applying the inertial load at the center of gravity of the equipment. T
inertial load in each direction is equal to the product of the input seismic accelerations, an

equivalent static coefficient, and the mass of the equipment.

An equivalent static coefficient of 1.0 can be used for the classes of equipment covered by this
procedure; the basis for this is described in Reference 41. The mass of the equipment is

determined during the inspection of the anchorage installation. Note that conservative estimates of

equipment mass for several equipment classes are given in Section 6.4.1.

Step 3 - Seismic Inertial Anchor Loads. The third step in determining the seismic demand loads on

the anchorage is to compute the seismic inertial anchor loads for each of the three directions of

motion. This is done by applying the seismic inertial equipment loads determined in the previous

step to the center of gravity of the item of equipment and calculating the free-body loads on the

anchors. The location of the center of gravity of the equipment is determined during the inspection

of the anchorage installation. The location of the center of gravity can be taken as the geometric
center of the equipment if the equipment is of uniform density. If the mass of the equipment is
skewed, then appropriate adjustments should be made to the center of gravity location.

The following types of seismic inertial anchor loads should be determined. Note that these loads

are applicable whether the equipment is mounted on the floor, wall, or ceiling.

. Anchor shear loads due to the lateral component of force caused by the seismic inertial
equipment loads, inciuding, if significant, the anchor shear loads due to any torsional
moments (center of gravity is not in line with the centroid of the group of anchors).

e overturning moment caused by the seismic inertial

s, with an appropriately estimated location of the overturning axis.
: b PR s A

1

he overturning axis is given beiow.)

a Asmnlenie i1l nezt Tanda Anvana A ler thhn cnicmin tsmamdinl oeatanian nandt Tan A Foe d ale o e o
s Anchor puliout loads causea by the seismic inertial equipment loads due to the cor
A Fonnn xrhinh io i Tina arith tha avac f tha anchar Tanlfos o o Fae fame ommaimbod
f force which is in line with the axes of the anchor bolts; e.g., for floor-mounted
Arrimmiant snalhada tha vastinngl camannnant Af fha cnicmin laand
CLluq} 1ICLIL ICIUUIC LLIY ALIC AL LUL IP LICLIL UL LLIC DUILSILHG 1UAll.

A



The anchor loads caused by the equipment overturning moment can be based on the assumption
that plane sections remain plane during loading and that the material in the equipment and the
anchors behave in a linear-elastic manner. This results in a linear distribution of anchor loads for a
set of anchors which are equal in stiffness and size.

The recommended location for the overturmng axis is at the equipment centerline for equipment
with flexible bases. For rigid base equipment, the overturning axes can be taken at the edge of the
equipment. Reference 78 contains discussion on locating the overturning axes.

Step 4 - Combined Seismic Loads. The fourth step in determining the seismic demand loads on
the anchorage is to compute the combined seismic anchor loads of the seismic loads on each anchor
from the three directions of earthquake motion. The combined loads can be computed with a
combination technique such as the Square Root Sum of the Squares (SRSS) or the 100-40-40
Rule.

Step 5 - Total Anchor Loads. The total Ioads on the anchorage are computed by combining the
combined seismic anchor loads from the previous step to the equipment deadweight loads and any
other significant loads which would be applied to the equipment, e.g.; pipe reaction loads on

pumps.
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that the interaction formulation for steel failure be used.
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Allowable shear capacity load for the anchor.
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Appilied puliout loads due to earthquake plus dead Ioads.

Applied shear loads due to earthquake plus dead loads.

Allowable pullout capacity load for the anchor.
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Bilinear Formulation (more realistic)

Fan

criteria in this procedure and Reference 41 for cast-in-place bolts and headed studs are based on an

Cast-in-Place Bolts and Headed Studs5?

cre:

additional factor of safety of 1.5 against failure not occurring in the concrete, it is recommended

for cast-in-place bolts for failure in the bolt steel or failure in the concrete. Because the anchorage

For existing cast-in-place bolts subjected to simultaneous shear and tension, the shear-tension
interaction depends on the anticipated failure mode. Figure 6.5-2 presents the interaction curves

6.5.2

1
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6.5.3 Cast-in-Place J-Bolts53

It is left to the user to select an appropriate shear-tension interaction formulation for use with J-
bolts when both tension and shear loads are significant.

6.5.4  Grouted-in-Place Bolts54

For grouted-in-place bolts subjected to simultaneous shear and tension, the guidelines given in
Section 6.5.2 for cast-in-place bolts may be used to compare the allowable loads to the applied
loads.

6.5.5 Welds to Embedded Steel or Exposed Steel>>

When welds are subjected to simultaneous shear and tension, the allowable loads can be compared
to the applied loads using the following shear-tension interaction formulation:

(PY (v Y
|=— | +|=—] =1
\fw/ \Fw)
Where: P = Pullout (tensile) load applied to weld [kip]
vV = Shear load applied to weld [kip]
F, = Allowable load for weld from Table 6.3-13 [kip]

53 Based on Section C.4.7 of SQUG GIP (Ref. 1)

54 Based on Section C.5.4 of SQUG GIP (Ref. 1)
55 Based on Section C.6.4 of SQUG GIP (Ref. 1)
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Figure 6.5-1
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Figure 6.5-2 Shear-Tension Interaction Limitations for Cast-In-Place Bolts and
Headed Studs (Reference 41) (Figure C.3-2 of SQUG GIFP,
Reference 1)
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